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ABSTRACT

This study seeks to apply the geological method of paleotempestology to
reconstruct past hurricane activities for Central America and the Caribbean. Landfalling
hurricanes may deposit distinct overwash sand layers in coastal lake sediments through
storm surges and tidal overwash processes that can be dated to establish a chronology of
past hurricane strikes. Proxy records from lake-sediment cores were taken for this study
in the spring and summer of 2003 from Lake Sophie, Providenciales Island, Turks and
Caicos, and from Laguna de Los Micos, Honduras. Loss-on-ignition analysis revealed
many changes in the sediment stratigraphies for both sites that appear to represent
overwash sand layers caused by past hurricane landfalls. The identification of the
overwash sand layers through loss-on-ignition and grain size analyses and radiocarbon
dating allowed for a preliminary estimation of return periods and annual landfall
probabilities for the regions around Laguna de Los Micos and Lake Sophie. Four cores
taken from Laguna de Los Micos, composed mostly of gyttja, contain two distinct sand
layers deposited within 500 years of sediment. Radiocarbon dating indicates that the
events occurred around AD 1660 and 1550, suggesting a return period of 250 years and
an annual landfall probability of 0.4% for Laguna de Los Micos. The core from Lake
Sophie is composed of marl and contains 8 distinctive layers of coarse calcareous sand
that are interpreted to be hurricane overwash layers. Radiocarbon dating indicates the
core to be around 4240 years old, suggesting a return period of 530 years and an annual
landfall probability of 0.18% for Lake Sophie. The return periods and annual landfall
probability estimates for these sites in Honduras and Turks and Caicos Islands were
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found to be comparable to those reported from the U.S. Gulf Coast. These results are the
first proxy records of past hurricane strikes for Central America and the Caribbean
region.

x

CHAPTER 1: INTRODUCTION
Hurricanes play a significant role in the lives of the peoples of Central America
and the Caribbean, negatively impacting them on all scales from the personal to the
national, including significant damages to infrastructure and industry. The increasing
concentration of peoples and properties in coastal areas has raised a serious question
regarding hurricanes: What is the periodicity or return period of the catastrophic
hurricanes (here defined as those of Category 4 or 5 intensity according to the
Saffir/Simpson scale)? The brevity of the instrumental record does not allow for an
adequate understanding of the frequency or return period of these largest and most
destructive storms, which only make landfall rarely. Historical records are reliable only to
the beginning of the twentieth century at best, far too short a period to document their
variability adequately at centennial or millennial timescales. Therefore, geological data
offer the only hope of reconstructing a prehistoric record of intense hurricanes and
deciphering any long-term changes in hurricane activity (Liu and Fearn 1993). To build a
chronology and investigate long term changes we look to the emerging science of
paleotempestology.
Liu and Fearn (1993, 2000a) have shown that distinct overwash sand layers may
be deposited in the sediments of coastal lakes and marshes due to the storm surges and
tidal overwash processes that are typically associated with a catastrophic hurricane
landfall. Sediment cores taken from these coastal lakes and the sediment stratigraphy are
analyzed using loss-on-ignition techniques and grain size analysis to identify these
overwash layers, which differ lithologically from the embedding organic lacustrine
sediments that comprise the majority of the core. Supporting evidence may be derived

1

from fossils of marine indicators such as foraminifera and gastropods. Age control is by
radiocarbon (14C) dating of the organic materials immediately above and below the sand
layer.
This paleotempestological study investigates the periodicity of prehistoric
hurricane landfall frequency for Central America and the Caribbean via these coastal
lacustrine proxy records. Although many paleotempestological studies have been
conducted along the U.S. Atlantic and Gulf Coasts (Liu, in press), to date none has been
published for Central America or the Caribbean. This study fills a large gap in the current
literature and will significantly extend the database of paleotempestological records. This
project establishes late-Holocene hurricane records for two geographically-distinct areas
in the Caribbean basin: Providenciales, Turks and Caicos Islands and Honduras. This
study seeks to answer some intriguing questions:
What are the return periods of catastrophic hurricanes for each location?
How do they compare with previous U.S. Gulf and Atlantic coast records?
Do these records indicate periods of hyperactivity and can they be related to
global climate changes, such as a shift in the position of the Bermuda High (Liu
and Fearn 2000a)?
The results of this study in conjunction with the previous paleotempestological studies
will help in the formulation of a basin-wide hurricane paleoclimatic record and
potentially elucidate whether previous results are due to local factors or are part of a
larger basin-wide climatic shift.
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CHAPTER 2: LITERATURE REVIEW
2.1 Hurricanes
Hurricanes, tempests, typhoons, and the Australian WillyWilly are all monikers
for the same powerful climatological phenomenon – the Tropical Cyclone. This force of
nature while both fascinating and destructive is a serious threat to many coastal
populations, especially those located between the latitudes 8° and 20° north and south of
the equator. The word hurricane originates from the Spanish “Huracan”, thought to have
been borrowed from the languages of Caribbean Indian tribes. “Hunraken” was the
Mayan storm god, while “hyoracan” meant devil or evil spirit to the Taino of the Greater
Antilles (Colvin, 1961). Although the names vary, the theme remains consistent, as to
this day hurricanes continue to be a major threat to life and property.
Tropical cyclones are defined by their structure, as they are rotating (counterclockwise in the northern hemisphere and clockwise in the southern hemisphere) cyclonic
wind systems of tropical origin with winds of 74 mph (119 kph) or higher (Dunn and
Miller, 1960). Although tropical cyclones develop over a large expanse of the globe, for
the purpose of this paper we will only consider northern hemisphere storms in the
Atlantic Basin, hereafter referred to as hurricanes. Specifically, we will be looking at
hurricanes that develop off the Coast of West Africa and in the southern portion of the
North Atlantic (Cape Verde type), and those that develop in the Gulf of Mexico and the
Caribbean (Western Caribbean type) (Elsner and Kara, 1999).
Hurricanes typically form over warm oceans from pre-existing regions of
relatively low surface pressures with an associated cluster of thunderstorms (Pielke and
Pielke, 1997). Hurricane formation requires a minimum sea surface temperature of 26°-
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27°C penetrating to at least 50 meters below the sea surface. These low-pressure areas
draw in air in a counter-clockwise motion, and warm ocean water provides water vapor
and heat to the lower atmosphere. The movement of this water vapor into an existing
thunderstorm within the low-pressure system forms the basis of tropical cyclone
formation. Due to the dynamics of the low-pressure system the moist air is cycled upward
and cumulus clouds form that can penetrate far into the troposphere. The stratosphere acts
as a vertical barrier, transforming the energy of this upward movement of heat and
moisture into horizontal dispersion (upper-level wind divergence), which serves to lower
pressures near the surface (Pielke and Pielke, 1997). This ever-increasing low-pressure
system propagates itself with the entire cycle repeating at a greater rate as the low
intensifies. This process of low-level wind convergence, thunderstorm development in
the middle and upper troposphere, and upper-level wind divergence forms a “thermal
engine” (Pielke and Pielke, 1997). The absence of vertical wind sheer high up in the
atmosphere is an absolute necessity to allow unrestricted convection of air and moisture.
Upper-level divergence must also exceed low-level convergence to allow for strong
outflow of incoming surface winds. Hurricanes must also maintain a minimum distance
of at least 500 km [300 mi] from the equator for tropical cyclogenesis to occur, since a
hurricane will not form without the Coriolis force necessary for maintaining the low
pressure. When the ITCZ is located within a few degrees of the equator only small
vortices form along its course, but as it migrates northward, the influence of the rotating
globe becomes great enough to transfer sufficient spin to the converging currents
permitting the development of tropical cyclones. In the Atlantic this occurs principally in
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the Cape Verde Region and in the Western Caribbean just north of the Ismuthus of
Panama. (Dunn and Miller, 1960).
Hurricanes have a seasonal pattern, occurring from June-November with some
spatial variation, with early season storms more likely originating in the western
Caribbean and Gulf of Mexico and later season storms more likely originating in the
eastern Atlantic areas (Alaka, 1976).
Some of the world’s heaviest rainfalls have occurred in connection with
hurricanes. The rainfall is always heavy, averaging three to six inches (8-15 cm), but
frequently much more (Dunn and Miller, 1960). Hurricane Mitch, which devastated
Honduras in 1998 brought almost an entire year’s worth of precipitation (25 inches/66 cm
in 36 hours). Hurricanes are classified by their wind speeds, storm surge height, and
barometric pressure into Categories from 1-5 (Table 2-1) on the Saffir/Simpson scale
(Pielke and Pielke, 1997).
2.2 Paleotempestology
Paleotempestology, the study of past hurricane activity through proxy techniques
(Liu and Fearn, 2000a), allows us to look to the geologic record to achieve a better
understanding of long-term hurricane periodicity. The frequency of prehistoric hurricane
strikes can be reconstructed through the use of a multitude of proxy records, such as
foraminifera (Scott et al., 2003; Collins et al., 1999); coral reefs (Scoffin, 1993); tree
rings (Doyle and Gorham, 1996, Johnson and Young, 1992); speleotherms (Malmquist,
1997) and lake and marsh sediments (Liu and Fearn, 1993, 2000a, 2000b; Liu et al.,
2003; Liu, 1999, 2004; Donnelly et al., 2001a, 2001b). In addition, historical
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Table 2-1. Saffir/Simpson hurricane disaster-potential scale
(Gray, 1990).

Category
1

Central Pressure (mbar)
>980

Windspeed (km/hr) Surge (m)
119-153
1.0-2.0

2

965-979

154-177

2.0-2.5

3

945-964

178-209

2.5-4.0

4

920-944

210-249

4.0-5.5

5

<920

>249

>5.5
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documentary records can also be used to reconstruct the frequency of hurricane strikes
during the historical period (Liu et al., 2001). The specifics of the sedimentary signature
a hurricane leaves in a lake or marsh is controlled by a host of factors, including the
intensity and duration of the hurricane, and the location of the site in relation to the point
of landfall. The strongest winds and highest storm surges in a hurricane are associated
with the right front quadrant. The extreme energy of hurricanes manifests itself in the
form of strong winds and high storm surges. As a result, landfalling hurricanes may cause
significant geomorphic change and deposit appreciable amounts of sediment on the
bottom of coastal bodies of water. Such overwash deposits form distinct facies (typically
sand layers), easily distinguishable from the normally deposited organic lacustrine
sediments. Barring dramatic geologic change through time at a site the thickness and
horizontal extent of these layers should broadly reflect the intensity of the individual
storms (Liu and Fearn, 1993). The calibration of these paleo-overwash deposits against
modern overwash layers form a well-documented modern analog that permits estimation
of the size and intensity of prehistoric events. If situated in a stable geological setting and
isolated from tidal or fluvial disturbance, coastal lakes have the potential to yield
excellent paleotempestological records (Liu, in press; Liu and Fearn, 2002). Such records
permit an assessment of an area’s vulnerability through the calculation of average annual
landfall probability and return intervals. Therefore, by offering the best hope of
establishing an accurate stratigraphic record, lake sediment cores are useful in
deciphering long-term changes in hurricane activity (Liu and Fearn, 1993, 2000a).
Sediment stratigraphy and fossil pollen data can yield records of climate change
and hurricane frequency spanning thousands of years. Regional studies of tropical
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cyclone activity have produced some understanding of the climatic conditions that
influence particular basins, but an overall picture has yet to emerge concerning the factors
that modulate activity globally (Elsner and Kocher, 2000). Although many studies have
been conducted along the U.S. Gulf Coast (Louisiana, Mississippi, Alabama, and Florida
(Gathen, 1994; Li, 1994; Liu, in press; Liu and Fearn, 1993, 2000a, 2000b; Zhou, 1998))
and Atlantic coast (South Carolina, Massachusetts, New Jersey (Scott et al., 2003;
Colllins et al., 1999; Donnelly et al., 2001a, 2001b)), to date no studies have been
published for Central America and the Caribbean. This study adds new knowledge to the
ongoing research by extending the database to the latter region. The importance and
significance of this type of study cannot be over emphasized, as obtaining cores from
Central America and the Caribbean will bridge a large gap in the data network and will
lead to a better understanding of the basin-wide paleohurricane activity over the last
several millennia. Several previous studies along the Gulf Coast of the United States have
shown a distinct pattern of increased hurricane activity during 3400-1000 yr. BP., as
evidenced by a dramatic increase in the frequency of sand layers in the sediments
deposited during this period (Liu, 1999; Liu, in press). It is hypothesized that this
increase in hurricane activity along the Gulf Coast was due to a southwestward shift in
the position of the Bermuda High(i.e., the Bermuda High hypothesis (Liu and Fearn,
2000a) (see below)). We intend to determine whether a concurrent period of increased
hurricane activity existed in Honduras and Turks and Caicos. If there is a trend of
increased activity around 3400 yr BP in the Central American and Caribbean records, it
will suggest that this hyperactive period was a basin-wide event, and consistent with the
Bermuda High hypothesis.
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Liu and Fearn (1993) conducted a ground-breaking study in paleotempestology at
Lake Shelby, a closed basin freshwater lake surrounded by beach ridges and sand dunes
on the Gulf Coast of Alabama. Hurricane Fredrick, a Category 3 hurricane that struck
Lake Shelby in 1979, offers a modern analog. This well-documented recent hurricane
strike with known intensity and geomorphic impacts is extremely useful in the calibration
of prehistoric overwash layers. Liu and Fearn (1993) found overwash layers
corresponding to five catastrophic hurricane strikes over the past 3200 yrs. This implies
a return period of approximately 600 years for catastrophic hurricanes, or a landfall
probability of about 0.16% per year for the Alabama coast (Liu and Fearn, 1993). This
estimate was subsequently revised to about 0.3% per year (Liu, 1999). Liu and Fearn
(1993) also noted a dramatic increase in sand layers after 3200 yr BP, suggesting an
abrupt environmental change around that time. The absence of sand layers in the
sediment older than ca. 3200 yr BP implies a more tranquil climatic regime for that
period along the Alabama coast.
Liu and Fearn (2000a) expanded their study to include Western Lake in Florida,
which yielded a 7000-year sediment record. Using Hurricane Opal, a Category 3
hurricane that struck near to the lake in 1995, as a modern analog they identified 12
catastrophic events over the last 3400 yr BP, giving a return period of 280 years for a
catastrophic hurricane strike, or a landfall probability of 0.36% per annum for the Florida
panhandle.
All records from the Gulf Coast show a distinct pattern of millennial-scale
variation in hurricane frequencies (Figure 2-1). Liu and Fearn (2000a) suggested that a
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Figure 2-1. Chronology of catastrophic hurricane strikes along the U.S. Gulf
Coast during the last 4500 years. Each bar represents a hurricane-generated sand
layer (Liu, 1999).
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hyperactive period existed for the Gulf Coast during 3400-1000 yr BP, with periods of
reduced activity both before (5000-3400 yr BP) and following (1000 yr BP to present).
Collins et al. (1999), and Scott et al. (2003) took a different approach in
identifying evidence of past hurricane landfalls. They supplemented their
sedimentological record with microfossil analysis based on the presence of displaced
benthic foraminifera within the sediment cores. They contended that a sand layer will be
deposited only at the point of eyewall impact, with areas only a few kilometers away
experiencing storm surges but leaving no sediment trace. This could lead to
underestimation of regional frequencies. It becomes critical to recognize records both
near and distant from direct landfall of particular storms to obtain a true picture of
periodicity (Collins et al. 1999). Expanding out from sites where the eyewall deposited
an overwash layer they are able to determine the lateral extent of the storm surge. This
method is not without weakness, however. In their analysis of sediment cores from
Sandpiper Pond (Collins et al., 1999), they found high concentrations of marine
foraminifera that could seemingly indicate storm surge, but in fact, are attributed to the
pond’s historical change from a tidal system. Foraminifera, an indicator for offshore
transport, could be used as a supplement to overwash sand layers as a proxy for past
hurricane strikes.
Liu (2004, in press) suggested that ideal sites would be geomorphically stable and
would not be subject to tidal influences, thus avoiding the reworking of sediment and the
post-depositional disturbance of overwash layers. However, Scott et al. (2003) contended
that even within a tidal system it is possible to distinguish storm layers from regular
deposits through the analysis of foraminifera. While the overwash layers may only be
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deposited at or near the eyewall, one can extrapolate the event outward laterally. The
return period estimated by using the sedimentological method should be stated as
“sustaining a near or direct hit”.
2.3 Ecological Impacts of Hurricanes
This section reviews the key literature on the ecological impacts of hurricanes,
from changes in lake trophic status to effects on the biodiversity, structure, community
ecology, and recovery of tropical forests. Although tropical forests were once thought to
reach an unchanging climax stage (Boose et al., 1994), or a natural ecological
equilibrium, this is no longer the case as a new paradigm has emerged. Tropical forests
are now thought to be dynamic systems, constantly changing through disturbance,
resulting in a mosaic of different recovery stages and species diversity. Disturbances,
such as that caused by hurricanes, create light gaps in the canopy oftentimes resulting in
preferential growth rates for secondary successional species to emerge and challenge
primary forest species through gap dynamics. The compositions of tropical forests are
now believed to be in a constant state of regeneration from disturbance events.
Many factors determine the extent of damage caused by a hurricane including the
strength or intensity of the hurricane (wind speed and rainfall), the direction of the
hurricane’s path as it relates to the forest, the duration of the hurricane, and the position
of the eye relative to the forest. The intensity of the hurricane has a direct effect on the
amount of damage received as well as the type of damage. Types of wind damage
include defoliation, branch breaking, snapping, and uprooting. Heavy rainfall weakens
the surrounding soils, making trees more susceptible to uprooting (Weaver, 1986). The
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depth of the surrounding soil, the height of the tree, and root structure are all important
factors affecting the extent of wind and rain damage.
Prolonged duration as well as slow forward movement of the storm also increases
the amount of damage sustained by the forest. The location and composition of the forest
are also important. Susceptibility to hurricanes is a function of tree species, tree size,
rooting habit, density of stems, and topography (Weaver, 1986). Topography, slope,
elevation, aspect, coastal location, and species composition are all factors determining
how much damage will be incurred. Recovery is usually noted by documenting the
percent of re-foliage, re-sprouting of snapped or fallen trees, regeneration from seedlings,
change in species composition, and tree mortality among the various tree species.
Studies done on the impact of Hurricane Joan on the tropical and pine forests of
Nicaragua (Boucher et al., 1990) show that although twice as many trees stood in the
pine as in the tropical forest, the number of uprooted pine trees was 20% higher than in
the tropical forest. The tropical forest had a much higher rate of long-term tree
survivorship than the pine forest, with almost twice the percentage of living trees than in
the pine forest. This was probably due the high resprouting rate, which was almost nonexistent in the pine forests. Tree size varied greatly between the two forests with the
majority of the tropical forest trees falling into the largest and smallest categories and the
pine forest having mostly medium-sized trees. However, the tropical forest had better
survivorship rates than the pine forest in all size categories. The tropical forest withstood
more damage than the pine forest independent of size. The tropical forest did, however,
have a much higher rate of resprouting and survivorship. The most significant aspect in
the difference in the responses of the two forests was due to the relative resprouting and
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survivability rates of conifers and dicots. There were, however, some commonalities,
including variation in the damage pattern coinciding with major physiographic features
(Boose et al., 1994) and damage was strongly associated with differences in elevation
and vegetation type (Boose et al., 1994). Trees at higher elevations suffered the least
amount of damage, probably due to the decline in tree size along an altitudinal gradient
with smaller trees and dwarf formations receiving the least amount of damage. Overall
recovery of forests was especially rapid throughout most of the species and relative
diameter growth for the trees following the hurricane was much higher than in all of the
previous years. It is surmised that this phenomenon is due to the excessive amounts of
nutrients (P, K, Ca, Mg, and Mn) delivered to the ground in the form of litterfall. The
litterfall was especially high in concentrations of phosphorus (P). It is hypothesized that
trees remove phosphorus from leaves prior to senescence (Whigham et al., 1991);
subsequent testing of the litterfall indeed showed that there were much higher levels
(nearly twice the amount) of phosphorus, in the leaves brought down by the hurricane
than in leaves that were dropped at a natural rate. It is believed that this extra phosphorus
in the fallen biomass accounts for the quick recovery and growth of the damaged and
undamaged trees.
The perception of mature forests as homogenous stands of large trees has given
way to the more dynamic theory that, due to natural disturbances, forests consist of
mosaics of areas in different stages of regeneration (Putz and Brokaw, 1989). These
mosaics are created by some form of disturbance, either natural (such as hurricanes,
landslides, and fires) or anthropogenic (such as logging and forest clear-cutting). As an
agent of disturbance hurricanes play an important role in gap dynamics of tropical forests
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with the reduction of competition by eliminating shading, and lowering the amount of
living competitors. The pattern of hurricane formation and specific tracks is of great
importance in determining the long-term disturbance regime for specific locations
(Neumann et al., 1987). According to the intermediate disturbance hypothesis, a
significant number of hurricane disturbances should lead to a highly diverse forest. Shaw
(1983) suggested that the patterns of hurricane damage on a forested landscape are
complex and may appear random or indecipherable. New studies are attempting to
determine these seemingly random and indecipherable patterns. With adequate
knowledge of vegetation characteristics and response to wind disturbance, it may be
possible to predict the damage itself (Boose et al., 1994). Boose has demonstrated a
potential ability to predict and catalog hurricane damage by using GIS and remote
sensing methodology.
Hurricanes may also dramatically change the limnology of coastal water bodies,
changing fresh-water system into brackish or marine systems. Strong winds and storm
surge allow for the intrusion of seawater into coastal fresh-water bodies. The resulting
geomorphic processes may also turn an isolated fresh water lake into a tidal lagoon by
breaking down coastal barriers. The same process can work in the inverse with storm
deposits closing up channels and isolating a previously tidal system. These changes in
salinity and trophic status are evidenced by the detailed analysis of sediment stratigraphy
for changes in microfossil assemblages (i.e. foraminifera and diatoms). The rapid changes
in the salinity of coastal water bodies can be used as a means for the identification of
prehistoric hurricanes (Scott et al. 2003; Collins et al. 1999).
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2.4 The Bermuda High Hypothesis
This section examines the Bermuda High (also known as the Azores High and
Atlantic Subtropical Anticyclone)- its mechanics, its spatial and temporal variations, its
role within the North Atlantic Oscillation (NAO), and its control over hurricanes over
time. Reconstructing past hurricane climate is significant in that by investigating the
climatic factors controlling periods of increased or decreased hurricane activity we can
perhaps forecast future changes in hurricane regimes. By helping to reveal elusive longterm patterns, the findings could eventually improve long-term climate forecasts and
models (Alley, 2000). In order to achieve this, a thorough understanding of the Bermuda
High and its role in directing hurricanes is necessary.
The Bermuda High is produced by atmospheric pressure differences resulting
from the rapid summer heating of large landmasses. Early May marks the beginning of
strengthening and westward expansion of the oceanic anticyclone, as radiation receipt
increases throughout the middle and high latitudes of the Northern Hemisphere (Davis et
al., 1997). The presence of the high anticyclone is defined by Davis et al. (1997) as the
locations where the pressure at a grid node equals or exceeds 1020 mb. Anticyclones
have a clockwise rotation in the Northern Hemisphere and counter-clockwise rotation in
the Southern Hemisphere. Highs tend to “crowd” the eastern sides of their ocean basins,
resulting in atmospheric stability due to temperature inversions and a weak
environmental lapse rate on the western sides of the continents. The Bermuda High is no
exception; the high does indeed crowd the eastern side of its ocean basin, tilted
downward on the eastern side and rising on the western side, resulting in very stable
climate with little precipitation along the west coast of northern Africa. Landmasses to
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the west of the highs receive warm, moist air brought to them; the lopsided tilting of the
high leads to convergence and convectional storms on the western margins. This tilting of
the high, in conjunction with differences in Coriolis effect with latitude leads to the faster
movement of air on the western side of the high. The fast-moving winds with its
moisture-laden maritime tropical air results in convergence, and uprising, and generally
unstable atmospheric conditions, while the eastern side of the high experiences
divergence and stable conditions. Wind speed is regulated by the rotation of the high and
the so-called Coriolis parameter (ƒ), which states that ƒ= 2 Ω sin φ, (φ = Latitude).
Simply put, it states that as latitude increases so does ƒ, so the Coriolis effect is stronger
at higher latitudes. Highs tend to be situated over cold currents brought down from higher
latitudes along their eastern sides. This phenomenon contributes to the climatic stability
on the western side of continents. The opposite effect occurs along the western sides of
the clockwise-rotating Bermuda High. Warm waters of the Gulf Stream flow along the
eastern coast of the U.S.
As the Bermuda High expands and contracts, hurricanes are likely to follow the
same pattern of migration of the heavy rainfall (Keim, 1997). Keim stated that heavy
rainfall follows the western edge of the Bermuda high as it expands and contracts, with
typical summers placing the western edge of the high in position to advect moisture into
Florida and the East Coast of the U.S.
Coleman (1988) contended that the Bermuda High in extraordinarily warm
summers expands enough to bring stability to the Florida region and pushes storms
farther inland to the west of the subtropical high. Coleman’s assertion that a steeper
temperature gradient strengthens the Bermuda High is of particular interest. Does this
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mean that changes in incoming solar radiation could affect the strength or position of the
Bermuda High? Liu and Fearn (2000a) hypothesized that millennial-scale variability in
catastrophic hurricane landfalls along the Gulf Coast is probably controlled by shifts in
the position of the Bermuda High. A link between hurricane frequency and West African
rainfall is discussed by Gray (1990) who stated that, in general, the annual frequency of
intense Atlantic hurricanes was appreciably greater from 1947 to 1969, when high
amounts of rainfall occurred in West Africa, than during the years between 1970 to 1987,
when drought conditions prevailed. Gray (1990) mentioned that the period of the most
abundant rainfall occurs in West Africa from June to September, which also happens to
be the period with the greatest hurricane activity for the last 50 years. The frequency of
hurricane events is mainly correlated with East Coast strikes, whereas the hurricanes
affecting the Gulf of Mexico are not as sensitive to variations in West African rainfall
probably due to the modern-day position of the Bermuda High. By determining the
landfall patterns and the geographic positions of prehistoric hurricanes, it could be
possible to correlate the Bermuda High with global climate changes.
The relationship between the Bermuda High and the North Atlantic Oscillation
(NAO) is very important. The NAO is a coherent north-to-south seesaw pattern in sealevel pressures between Iceland and the Azores. When pressures are low over Iceland
(Icelandic Low) they tend to be high over the Azores (Azores High) and vice versa. The
intensity of the NAO determines the position and orientation of the mid-latitude westerly
jet stream through variations in horizontal pressure (geopotential heights) gradients
(Elsner and Kocher, 2000). Elsner and Kocher (2000) demonstrated a statistical link
between the NAO and global tropical cyclone activity. When the Icelandic Low is strong
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(low pressures), the Bermuda High is strong (high pressures), resulting in a positive NAO
index and strong mid-latitude westerlies. This relationship demonstrates the importance
of examining the NAO as a whole as opposed to focusing upon the Bermuda High as a
separate entity. It would appear that climatic conditions in higher northern latitudes could
have a significant effect on hurricane activity on the Gulf and Atlantic Coasts of the U.S.
The expected future global warming, resulting from an increase of anthropogenic
greenhouse gasses, may warm tropical sea surface temperatures. One hypothesis is that
increased sea surface temperatures will cause both a higher frequency and greater
intensity of hurricanes (Landsea, 1992), since we can expect warmer seas and a stronger
Bermuda High. Keim (1997) also speculated that the frequencies and intensities of
tropical disturbances may increase under global warming conditions if sea surface
temperatures also increase, which may also increase the likelihood for these tropical
systems to be steered into the central Gulf of Mexico region. Liu and Fearn (1993,
2000a) hypothesized that during the “hyperactive period” of the late Holocene (34001000 yr BP) the Bermuda High was located southwestward of its present position
(Figure 1-3). They postulated that by 3000 14C yr B.P., neoglacial cooling had caused the
jet stream to shift southward and the Bermuda High southwestward from their ca. 6000
14

C yr B.P. positions, thereby pumping more moisture from the Gulf of Mexico and the

Caribbean into the Central Plains of the U.S. (Liu and Fearn, 2000a). This shift in the
position of the Bermuda High would also redirect the paths of hurricanes, with a more
southwesterly position correlating with increased hurricane landfall along the Gulf of
Mexico. A northward shift to the present-day position over Bermuda during the last 1000
years correlates with increased landfalls along the Atlantic coast. Scott et al. (2003)
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found a period of hyperactivity (six major hurricanes) between 0-1000 yr BP with only
two landfalling events recorded in the 2000- 3000 yr BP period. These results reported by
Scott et al. (2003) on hurricane regimes on the Atlantic coast provide direct support for
the Bermuda High hypothesis of Liu and Fearn (1993, 2000a), who found a hyperactive
period along the Gulf Coast between 1000-3400 yr BP with a period of reduced activity
in the last millennia. The anti-phase pattern in hurricane activity between the Gulf Coast
and the Atlantic Coast clearly supports the Bermuda High hypothesis. With the Bermuda
High in a northern position (Figure 2-2) the results of Scott et al. (2003) show a period of
hurricane hyperactivity for the Atlantic Coast during the last 1000 years whereas the Gulf
Coast records (Liu and Fearn, 1993, 2000a) for the same time period show a period of
reduced hurricane activity. The same anti-phase relationship occured for the period 10003000 yr BP when the Gulf Coast experienced a hyperactive hurricane climate regime
whereas the Atlantic Coast was comparatively quiet. This anti-phase pattern can be
explained by the shifting position of the Bermuda High. When the High is in its northerly
position, closer to Bermuda, the Atlantic coast experiences more hurricane strikes. When
the Bermuda High is in a southwesterly position, more storms track into the Gulf Coast
and Caribbean regions.
Other paleoclimatic proxy records from Haiti (Hodell et al., 1991) show a
significant reduction in precipitation around 3200 14C yr B.P. which could be accounted
for by a more stable climate condition brought on by a southward shift of the Bermuda
High. In that record from Lake Miragone (Hodell et al., 1991) δ18O measurements taken
from the shells of gastropods provide a proxy for increased evaporation/precipitation
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ratios. Higher ratios indicate dry periods with increased evaporation and decreased
precipitation.
The studies being conducted by paleotempestologists have the potential to answer
many questions regarding the relationship between climate changes and hurricane
frequency. This study seeks to determine whether the hypothesized shift in the Bermuda
High is apparent in the proxy records from Honduras and Turks and Caicos. If so, a
“hyperactive” hurricane period for 3400-1000 yr BP is expected, concurrent with the
Gulf Coast records. In addition, a decrease in hurricane frequency for the past millennia
is expected due to a northward shift of the Bermuda High.
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Figure 2-2.

Hypothesized shifts of the Bermuda High during the last 6000 years.

CHAPTER 3: STUDY AREAS
3.1 Honduras (15° 00′ N, 86° 30 W′)
Honduras is mostly mountainous with 820 km of low-lying tropical Caribbean
coast, extending between Guatemala and Nicaragua. The waters off the Caribbean coast
of Honduras drop off quickly to great depths. These deep coastal waters account for the
name of the country, for when Columbus discovered the Caribbean coast of Honduras he
found the water too deep for anchorage and named the place “hondura” meaning deep
(Colvin, 1961). The geology for Honduras indicates that Laguna de Los Micos, the study
site, sits on the Nuclear Central American Continental crust, with an underlying
metamorphic and igneous rock of pre- Pennsylvanian age and a tectonically stable craton
of Precambrian age (USGS Map 1-1100). The climate of Honduras ranges from
subtropical in the lowlands to temperate in the mountains. Weather patterns are
dominated by the easterly trade winds with a marked dry season (summer and fall) and a
wet season (late winter and spring) (Portig, 1976). The Honduran economy relies heavily
on agriculture (bananas, coffee, and sugar) as well as textile and wood products.
Honduras is one of the poorest countries in the western Hemisphere. The nation has a
poor infrastructure, making the economy extremely susceptible to severe hurricane
damage.
Laguna de Los Micos (15° 79′ 33″, 87° 52′ 01″) is a coastal lake located along the
northern Caribbean coast of Honduras just west of Tela (Figure 3-2 and 3-3). Historically
Tela has been an important shipping port, especially in colonial times, and was often
frequented by Buccaneers looking to raid Spanish ships carrying their bounty home to
Spain (Colvin, 1961). Some of our best knowledge about information concerning pre-
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Figure 3-1.

Locations of thesis research sites.
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Figure 3-2. Map of Honduras showing Laguna de Los Micos Location
(U.S. Central Intelligence Agency, 1997).

26

Figure 3-3. Satellite Image showing the location of Laguna de Los Micos
(University of Maryland, Global Land Cover Facility, 2000).

1850 hurricanes for Honduras comes from historical records taken from these ship logs
and historical writings and compiled by Millas (1968). This information will be discussed
in more detail in Chapter 5.
While the translated name of Laguna de Los Micos (Lagoon of the Monkeys)
indicates a lagoon environment, Laguna de Los Micos is now a closed system with a 12.2
ppt salinity reading, indicating a low or mixohaline / mesohaline salinity level (for
salinity classification, see Alcala-Herrera et al., 1994). The lake is tranquil with no
riverine or tidal disturbance. The lake itself faces north-south and is bordered to the north
by a 50 meter wide sand bar of 0.5 meter elevation (Figure 3-4). The lake is roughly 100
meters wide and 3 meters (9 feet) deep, slightly deepening toward the center. The lakebottom sediment is a dark brown gyttja that is highly organic and interspersed with
visable sand layers.
i) Hurricane History
In September 1974 Honduras was stuck by Hurricane Fifi, a Category 4 hurricane
that killed over 8000 people and destroyed 80% of that year’s banana crop. This
catastrophic hurricane devastated most of Honduras’ fishing fleet and drowned two-thirds
of the country’s cattle. Damages were estimated at $900 million U.S. dollars
(www.worldbook.com, 2004). In 1998 Honduras fell victim to another devastating storm,
Hurricane Mitch. Though only a Category 1 hurricane at landfall, Mitch produced heavy
rains nearly equaling the average annual total, causing massive flooding and landslides.
Over 10,000 lives were lost and property damage was estimated at $5-7 billion dollars
(Pielke et al., 2003). While on average, Honduras is brushed or struck by hurricanes of
varying
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(a.)

(b.)
Figure 3-4.
a. Photograph showing the 50 meter wide sand barrier to Laguna de Los Micos.
b. Arrow indicating the sand barrier as seen from Laguna de Los Micos.
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strengths once every six years and directly hit once every 66 years (NOAA, 1999),
modern records show that in the last 150 years no hurricane of Category 3-5 intensity has
directly struck the vicinity of the Laguna (Figure 3-5). During the same period, five
storms of Category 2 or greater have passed within 65 nautical miles of the Laguna
(NOAA, 1999), but none of the storms left any sedimentological evidence within the
lake.
3.2

Turks and Caicos (21° 45′ N, 71° 35 W′)
The Turks and Caicos Islands are situated in the northern Caribbean, east of the

Bahamas and north of Hispaniola (Haiti and the Dominican Republic), home to the third
largest coral reef system in the world. This island group is made up of eight islands: Salt
Cay, Grand Turk, South Caicos, East Caicos, Middle Caicos, North Caicos,
Providenciales, and West Caicos (Figure 3-6). These islands are composed of a series of
low-lying limestone islands with over 389 km of coastline fringed by extensive marshes
and mangrove swamps. The interesting name of Turks stems from a cactus endemic to
the island, the Turk's Head or "fez" cactus (Melocactus intortus), whose bloom resembles
the traditional Turkish headpiece (Boultbee, 1991). Caicos, however, originates from the
16th century inhabitants of the islands, the Lucayan Indians, who used the term “caya
hico” meaning “string of islands”. Local legend has it that the Turks and Caicos Islands
were the first landfall of Columbus in 1492. Turks and Caicos has a population just under
20,000 and relies heavily on tourism, the dominant form of economy for the island. In
1998 alone Turks and Caicos received over 93,000 tourists (Boultbee, 1991).
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Figure/Table 3-5.
Map (1:2,800,000) and table of all hurricanes category 2 or greater that
have passed within 65 nautical miles of Laguna de Los Micos since 1850. (NOAA, 1999).
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Figure 3-6.

Turks and Caicos Islands showing Lake Sophie location (U.S. Central Intelligence Agency, 1989).

This Caribbean region is typified by a tropical and primarily maritime climate
(Portig, 1976). The rainy season begins in spring (April-May) and ends in the fall
(October-November), with the dry season spanning from January to March (Giannini et
al., 2000). As defined by the Köppen climate classification, the region includes tropical
wet (Af) and tropical wet-dry (Aw) climates (Lydolph, 1985) with Turks and Caicos
falling into the latter category.
The Turks and Caicos island chain sits on the tectonically stable Bahamian
Platform, a 4-5 km thick sequence of carbonate interbedded clastic sediments
accumulated during the Cretaceous and Cenozoic (USGS Map 1-1100). All of the islands
are surrounded by coral walls that plunge over 7000 feet to the floor of the Atlantic.
Providenciales Island, where this study is located, sits on the Caicos Bank bordered to the
northwest by the deep Caicos passage.
The research site is an unnamed coastal lake (hereafter referred to as Lake
Sophie) located on Providenciales island on the western end of the island chain (Figure 36). Lake Sophie (21° 82′ 64″ N, 72° 29′ 19″ W) (Figure 3-7) is situated on the northwest
side of Providenciales and bordered to the west by a large dune system roughly two
meters above sea level. It is a tranquil body of water only about 0.3 m (1 foot) deep, and
is isolated from tidal and riverine influences. The sensitivity of the site to overwash
deposition is controlled by the height and width of the barrier beach as well as distance
from the barrier. Lake Sophie is bordered to the east by a two meter high barrier roughly
five meters wide that separates the lake from the sea. The lake itself is roughly 1 km in
length and varies in width, with its widest section stretching just over 100 meters. Lake
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Figure 3-7. 1:25,000 scale topographic map of Providenciales showing Lake Sophie location
(Government of the United Kingdom, 1985).

Sophie is surrounded by low scrub vegetation (Figure 3-8). Salinity measurements were
not recorded for this site but field observations suggest that the water is not saline.
Apparently the lake was formed over an impenetrable substrate as at no point throughout
the lake do lakebed sediments achieve a depth greater than 1 meter; consequently only
short cores could be extracted. Visual inspection of the core in the field showed the
sediment to be of a white color, likely to be marl, that is calciferous in nature.
i) Hurricane History
On average the Turks and Caicos Islands are brushed or affected by hurricanes
once every three years and receives a direct hurricane strike on average every 12 years
(NOAA, 1999). However few of these strikes are by a catastrophic hurricane (here
defined as Category 4-5 on the Saffir/Simpson scale). Since 1850, six intense hurricanes
(Category 3-5) passed within 65 nautical miles of the island. The most recent of these
was Hurricane Donna (Category 4) of 1960, which completely devastated the entire
island nation’s agriculture. Marine species of fish were brought overland into the island’s
coastal freshwater lakes as a result of the extremely large storm surge. Pine Cay to this
day still has salt-water species of fish in its freshwater ponds (Turks and Caicos
Information Gateway, 2004).
The top of the core taken from Lake Sophie has a prominent layer of coarse
calcareous sand that stands out distinctly from the rest of the sediment. In Chapter 6 we
look at this layer in an effort to align it with Hurricane Donna, as Donna is the most
recent catastrophic hurricane to pass near the island.

34

(a)

(b)
Figure 3-8
a. View of Lake Sophie facing east.
b. View from top of barrier facing east.
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Figure/ Table 3-9. Map
(1:4,000,000)
and Table of all hurricanes Category 3 or
CHAPTER
4: METHODOLOGY
greater that have passed within 65 nautical miles of Lake Sophie since 1850. (NOAA,
1999).
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CHAPTER 4: METHODOLOGY
4.1 Storm Signature
A landfalling hurricane causes recognizable geomorphic changes as sediment is
moved about by the strong winds and storm surge, which can result in significant erosion
and deposition in the nearshore zone (Blatt et al., 1991). Sediment is washed into lakes
and marshes and is deposited on the bottom of the water bodies. The preferred study sites
for paleotempestological studies are coastal lakes or lagoons fronted by a sandy barrier,
which provide a source of material for transportation and deposition as an overwash
layer. The overwash sand layer becomes embedded in pre-and post-hurricane finegrained lacustrine sediments deposited under normal depositional environments. These
lacustrine sediments, typically high in organic content, can be radiocarbon-dated either
by the conventional method or the AMS (Accelerator Mass-Spectrometry) method to
establish a chronology of events for the lake in question. As a result, a proxy record of
hurricane strikes can be reconstructed based upon the stratigraphy and chronology of the
overwash sand layers (Liu and Fearn, 1993). Assuming fairly stable geomorphological
conditions, the thickness and horizontal extent of each hurricane-generated layer should
roughly reflect the intensity of the storm (Liu and Fearn, 1993). Cores taken near the
shore should contain more and thicker sand layers than more distant cores. In general,
both grain size and layer thickness should decrease away from shore. Greater spatial
extent of sand layers should also suggest greater relative magnitude of the event. At any
particular site within the lake, the thickness of the sand layers should broadly reflect the
relative intensities of the hurricane strike. Ergo, a series of cores taken along a transect
across the lake should permit construction of the paleotempestological history of the area.
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4.2 Field Methods
Cores for this study were obtained during two expeditions. The first expedition
was to the island of Providenciales in the Turks and Caicos in April 2002, during which a
95 cm sediment core was retrieved. The second trip in July 2002 was to Laguna de Los
Micos, Honduras, where four sediment cores were collected along with surface samples
and limnological data. The four cores (core 1, 2, 3, 4) were taken along a transect at 110
m, 230 m, 320 m, and 490 m, respectively, from the sand barrier (Figure 5-1). This was
done in an effort to discover the lateral extent of any overwash fans found and to show
the thinning of the overwash layers from shore to lake center.
Both expeditions used a modified Livingstone piston corer, which consists of a
clear plastic tube of roughly 1.5 meters, with a cutting shoe attached to the bottom and a
core head at the top. The core was pushed into the sediments and a continuous core was
taken (Figure 4-1). The core tubes, with the sediments inside, were sealed with rubber
bungs and plastic caps for transportation back to the LSU Biogeography Laboratory.
Coring was done manually on a wood platform secured on two inflatable rubber boats.
The cores were taken at increasing distances from the ocean, allowing for the intensity of
the hurricanes to be gauged and the sediments to be distinguished between overwash
layers and other deposits. Salinity was analyzed by means of a hand-held salinity meter.
4.3 Laboratory Work and Data Analysis
The cores were inspected visually in the laboratory and a stratigraphic diagram
was plotted to record changes in the lithology of the cores. This was followed by loss-onignition (LOI) analysis. For LOI analysis the cores were sampled continuously at 1 cm
intervals along the length of the core using a spatula and rubber gloves so as not to leave
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Figure 4-1. Diagram of hypothesized sand deposition and coring technique
(Liu and Fearn, 2000b).

oil from the fingers on the crucibles. The samples were placed into cleaned and preweighed crucibles (Tare) and weighed (Figure 4-2). The wet weight of each sample
(Tare+Wet) was recorded with an electronic balance. The samples were placed in an oven
and heated overnight at 105° C to remove all water from the samples. The samples were
cooled in a desiccator to minimize the reabsorption of atmospheric moisture. The cooled
samples were then weighed and the weights recorded (Tare+Dry). The difference
between the wet weight and the dry weight permits calculation of water content of the
sediment sample. The samples were then placed in the furnace again and heated at 550° C
for 1.5 hours to determine the organic matter content. After cooling in the desiccator the
samples were weighed to obtain ash weight (Tare+550). The samples were then heated a
final time in the furnace at 1000° C for one hour to determine the carbonate content
(Tare+1000). The weights were recorded (See Appendix A for raw data) and the
following equations (Table 4-1) were used to calculate the weight loss percentages, and
then plotted on the loss on ignition graphs (See Chapter 5). Overwash sand layers are
typically inorganic and clastic in nature (sand) and differ distinctly from the surrounding
organic-rich or fine-grained lacustrine sediments. LOI analysis distinguishes the
overwash layers from the normally-deposited sediments. On the graph, sand layers, with
much lower water and organic content, will show up as a noticeable dip in the resulting
LOI curve. Plant and shell microfossils, where present, were examined using a dissecting
microscope (Fischer Scientific, SW15X Stereomaster II).
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Figure 4-2

Loss-on-ignition equipment and methods.
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Table 4-1

Calculation Parameters for loss-on-ignition.

Raw Weights
Wet Weight = Tare+Wet – Tare
Dry Weight = Tare+Dry – Tare
550 Ash Weight = Tare+550 – Tare
1000 Ash Weight = Tare+1000 – Tare

Percentage Calculation
% Water = 100 x (Wet Weight – Dry Weight) / Wet Weight
% Organic = 100 x (Dry Weight – 550 Ash Weight) / Dry Weight
% Carbonate = 100 x (550 Ash Weight – 1000 Ash Weight) / Dry Weight
% Residual = 100 x 1000 Ash Weight / Dry Weight

Spread Sheet Formulas
Percent Water is calculated by
SUM(B2-C2)/(B2-A2)*100
Percent Organic is calculated by
SUM(C2-D2)/(C2-A2)*100
Percent Carbonate is calculated by
SUM(D2-E2)/(C2-A2)*100
Residual is calculated by
SUM(E2-A2)/(C2-A2)*100
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4.4 Statistical Analysis
Hurricane-generated overwash layers are identified by visual inspection and LOI
analysis, as discussed above. There is, however, no standard statistical method associated
with the identification of the over-wash layers based on the LOI results. Presently,
overwash layers are identified by the dips in the water and organic contents on the LOI
graphs deemed to be significant by the researcher. This section uses a numerical method
to determine the statistical significance of the LOI values associated with the hurricane
overwash layers found within core sediments. This determination requires a test showing
statistically significant departures from the mean water and organic matter contents of the
embedding lacustrine sediments.
To find the mean and the corresponding confidence or significance level,
percentage weight loss values for water and organic contents for each core were input
into SPSS (Statistical Packages for Social Sciences) and a one sample T-test was run. The
resultant SPSS output returned the mean weight loss percentages, standard deviation from
the mean, standard error, and confidence levels (α=0.95) for each core. The mean weight
loss of water and organic contents was plotted on statistical analysis graphs, along with
the lower confidence level. These two new plots not only allow for the testing of whether
the dips in the LOI graph are a departure from the mean, but also are statistically
significant at a 95% confidence level. Such numerical and graphical representations of
the data can elegantly summarize much information (Gradstein et al., 1985). While the Ttest is a basic statistical operation, it is a powerful one to detect the distinctiveness of
overwash layers by providing a significance test to measure the “departure from the
norm”.

43

4.5 Radiocarbon Dating
Radiocarbon (14C) dating was used to determine the age of the organic sediments
found within the cores from both sites. Radiocarbon dating is based on the principle of
the radioactive decay rate of 14C, a cosmogenic produced by cosmic ray bombardment of
nitrogen nuclei in the upper atmosphere. 14C has a half life of 5568 years (Bartlein et al.,
1995). The ages of sand layers are estimated by 14C dating of the organic lacustrine
sediments above or below them. For this study four samples were submitted to Beta
Analytic, Inc., of Miami, Florida, for Accelerator Mass Spectrometry (AMS) analysis,
which requires much less material than the conventional dating method. Three of the
samples were derived from the Laguna de Los Micos cores. The first sample (MICOS-277cm) was from a plant detrital layer (77 cm) immediately below the first, or top, sand
layer located in Core 1. The second and third samples (MICOS-4-72 and MICOS-4-85)
were both taken from Core 3. MICOS-4-72 was sampled from bulk organic sediments
(72 cm) immediately bellow the first, or top, sand layer located in Core 3 in an effort to
correlate it to the first, or top, sand layer found in Core 1. MICOS-4-85 was also taken
from bulk organic sediments. It was sampled at 85 cm just above a second sand layer (86
cm) in Core 3 in an effort to ascertain the timing of the second sand layer.
Although the core from Lake Sophie PROVO-A was composed almost entirely
of marl (calcium carbonate deposits), plant detritus found in an organic layer located 5
cm above the base of the core was sampled to establish a basal date for the core.
Conventional 14C dates obtained by Beta Analytic were converted to calendar years
according to the calibration method of Stuiver and van der Plicht (1998). Original data
from Beta Analytic are presented in Appendix B.
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CHAPTER 5: RESULTS
5.1 Laguna de Los Micos
i) Core Stratigraphy

▪Core 1: Core 1 (Figure 5-2), taken closest to shore, is 94 cm long and contains 2
sand layers. The top 21 cm of the core is composed of gyttja (organic lake mud),
followed by a very thick sand layer from 21 cm to 82 cm. Another layer of organic
sediment rich in plant detritus exists from 82 cm to 90 cm, with another sand layer from
90 cm to the end of the core at 94 cm. The thick sand layer, which has a sharp contact
with the underlying organic sediment, shows an upward-fining sequence with very coarse
sand near the base and increasingly fine and organic sediments toward the top, indicating
more gradual accumulation after the initial event. The sedimentology of this thick sand
layer is clearly reflected in the LOI curve (Figure 5-2). The water and organic
percentages increase steadily upward within the sand layer, reflecting the fining upward
sequence.

▪Core 2: Core 2 (Figure 5-3) is a shorter core (52 cm long) due to equipment
malfunction in the field. Gyttja occurs in the upper 48 cm of the core. The gyttja is
interrupted by a thin sand and organic detrital layer at 35 cm. Below the gyttja is another
sand layer down to the end of the core (52 cm).

▪Core 3: Core 3 (Figure 5-4) is 91 cm long and contains 60 cm of gyttja at the
top. A prominent sand layer occurs at 60-73 cm with a sharp contact with the sediment
below it. Directly underlying the sand layer, from 73-78 cm, is a distinctly finelylaminated gyttja with a very high organic ( > 20%) and water (>70%) contents.
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Figure 5-1

Laguna de Los Micos; site map with coring locations.
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The sediment stratigraphy seems to suggest that the event that caused the deposition of
the sand layer altered the sedimentary environment of the lake so significantly that the
laminated sediment has since ceased to develop. The laminated gyttja is underlain by
another sand layer occurring from 85 cm to the end of the core, 91 cm.

▪Core 4: Core 4 (Figure 5-5) was the farthest and longest core taken and has
excellent correlation with the previous three. Once again the upper 90 cm of the core is
gyttja with generally 8-15% organic matter content. An organic detrital layer occurs at
54-55 cm, as witnessed by a small spike in the water and organic content (Figure 5-5).
Although the first sand layer is not visible in Core 4, it is clear that the same event caused
the cessation of laminated sedimentation at both coring sites (Core 3 and Core 4). The
LOI data show an abrupt increase in water and organic content from 91 cm to 121 cm
where the sediment is a finely-lamented gyttja similar to the corresponding section in
Core 3. This laminated section is thicker and occurs deeper in Core 4 (91-121 cm) than in
Core 3 (73-85 cm), probably as a result of sediment focusing. Underlying the laminated
gyttja is the second sand layer that dominates the remainder of the core, 121-139 cm.

▪Summary; Stratigraphic Correlation and Spatial Relationship: The Micos
cores consist mostly of organic sediments (gyttja) interspersed with two very pronounced
sand layers that are interpreted to be overwash layers. The contact between the sand
layers and the underlying organic sediments is abrupt, indicating rapid deposition. The
overwash sand layers range in color from a light grey to a dull gold/yellow and show a
pattern of upward fining, with the larger grains settling out faster than the smaller grain
sizes. The sand layers also show a pattern of lateral thinning away from shore where they
are correlated between cores. The sand layers can be correlated
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among the cores based on their grain size, color, and stratigraphic positions. The depth of
the sand layers in the cores seems to increase away from the sand barrier, apparently due
to higher sedimentation rates toward the center of the lake as a result of sediment
focusing. The stratigraphic correlations of the sandy layers are confirmed by the
radiocarbon dates. This, coupled with the upward-fining nature of the sand layers,
suggests that the sand layers were deposited during high-energy events consistent with
overwash processes associated with intense hurricane landfalls.
The modern lake is a very tranquil body of water with no inlet or outlet, isolated
from tidal and fluvial disturbances. The lake environment may have been even more
stable before the overwash event, as evidenced by the occurrence of finely-laminated
sediments directly below the first (upper) sand layer. Sharp contacts between the sand
layers and the underlying organic sediments indicate an abrupt change. The presence of
distinct fine laminations suggests that a stable environment existed, with little
bioturbation or mechanical disturbance before the first overwash event. That overwash
event apparently created a new sedimentary regime in the lake, as reflected by an abrupt
and permanent cessation in the formation of laminated sediments. The presence of the
sand layers in Core 4, more than 490 m away from the sand barrier, strongly suggests a
catastrophic event caused by a major hurricane impact.
When viewing all the cores together (Figure 5-6) the nature of the overwash
layers becomes clear. The first (upper) sand layer is present in the first three cores at
increasing depths away from the shore in the sediment. This sand layer also shows a trend
of thinning out laterally toward the lake center. Its thickness decreases from 60 cm in
Core 1 to 12 cm in Core 3 and it peters out completely before reaching Core 4. The
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Figure 5-6. Laguna de Los Micos summary of four cores: Loss-on-ignition
with stratigraphic correlation and radiocarbon dates.
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(1720-1880) AD
(1910-1950) AD

200 +/- 30 BP
(1650-1680) AD
(1730-1810) AD
(1930-1950) AD

second sand layer is present in all of the cores except Core 2, which due to its short
length is not deep enough to reach the stratigraphic level where this sand layer is
expected to occur. The second sand layer was never fully penetrated in all cores, so its
total thickness and the nature of its lower boundary are unknown.
ii) Radiocarbon Dating
All of Laguna de Los Micos’ radiocarbon dates line up chronologically without any
apparent anomaly. Each 14C date has multiple intercepts on the calibration curve (Table
5-1 and Appendix B). However, viable calendar ages could be determined based on their
probability of occurrence in combination with the historical records of hurricane strikes
in this region.
The first date (+/- 160 yr BP) was taken from Core 1 just below overwash layer ‘a’;
MICOS-2-77cm had five intercepts of the radiocarbon age with the calibration curve:
Cal AD 1680 (Cal BP 270)
Cal AD 1740 (Cal BP 200)
Cal AD 1800 (Cal BP 150)
Cal AD 1930 (Cal BP 20)
Cal AD 1950 (Cal BP 0)
These five intercepts with the calibration curve give three sets of possible calendar dates
that fall in between the two-sigma (2σ) calibrated results:
Cal AD 1660 to 1710 (Cal BP 290 to 240)
Cal AD 1720 to 1880 (Cal BP 230 to 70)
Cal AD 1910 to 1950 (Cal BP 40 to 0)
Study of the modern hurricane history of Honduras reveals that no direct strike by any
intense hurricane near Laguna de Los Micos has occurred since 1850. Thus, Cal AD 1910
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Table 5-1

Radiocarbon (14C) dates from Beta Analytic Inc., Miami, Florida.

to 1950 (Cal date 40 to 0 BP) could be discarded. However, a historical record from a
ships log (Millas, 1968) identified a hurricane strike in Honduras in AD 1660: "The ship
Santiago of the fleet of D. Juan de Echeverri was lost near the coast of Honduras. The
shipwrecked men lived 53 days on an uninhabited island. They suffered great hardships,
built a vessel and in her 276 men reached the continent" (Millas, 1968, p. 325). This was
quite possibly the event that deposited the first sand layer. Using these two resources,
thecalibrated age of AD 1660 to 1710 was accepted. This calibrated date from Core 1
provides a basis for chronostratigraphic correlation with other cores.
Core 3 contains two dates; MICOS-4-72CM and MICOS-4-85CM. MICOS-4-72 was
sampled from bulk organic sediments found at 72 cm, immediately below overwash layer
‘A’. MICOS-4-85 was also taken from bulk organic sediments and was sampled at 85 cm
just above overwash layer ‘B’. Sample MICOS-4-72CM has a conventional 14C date of
200 +/- 30 yr BP, which has three sets of possible calendar dates that fall between the
two-sigma (2σ) calibrated results:
Cal AD 1650 to 1680 (Cal BP 300 to 260)
Cal AD 1730 to 1810 (Cal BP 220 to 140)
Cal AD 1930 to 1950 (Cal BP 20 to 0)
Based on the previous rationale, we selected the date Cal AD 1650 to 1680 (Cal date 300
to 260 BP).
Sample MICOS-4-85CM has a conventional 14C date of 310+/- 30 yr BP, with one
calendar date between the two-sigma (2σ) calibrated results:
Cal AD 1490 to 1650 (Cal BP 460 to 300)
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As MICOS-4-85CM is lower in the core stratigraphy than MICOS-4-72CM and based on
the afore mentioned rationale we were satisfied with an intercept date of AD 1550 and a 2
sigma age range of Cal AD 1490 to 1650 (Cal date 460 to 300 BP) as a likely date.
The dates (both BP and AD) were plotted on the stratigraphic diagram in Chapter 6 and
used in interpreting the paleo-hurricane history of Laguna de Los Micos.
iii) Statistical Analysis
The statistical analysis gave us the mean percentage weight loss and confidence
level (at 90% significance), and when plotted alongside the LOI percentages for water
and organic content (Figures 5-7 and 5-8) was useful in determining the distinctiveness of
the sand layers. The plots show significant deviations from the mean in all of the cores
where there are overwash layers present in both the water and organic percentages.
Analysis of Core 1 (Figure 5-7a) yielded good results with the plots showing both sand
layers to dip well below both the mean and significance levels. Core 2 (Figure 5-7b) also
had excellent results with both sand layers proving to be significant. Core 3 (Figure 5-7)
shows both sand layers to be significant as well. For Core 3 we also see a minor dip
below the significance level around 51 cm. Due to the nature of the LOI and taking into
account the visual inspection of the core, it was possible to attribute this dip to the mixing
or re-suspension of the top overwash layer. This mixing, possibly due to bioturbation,
could disturb the sand from the top of the sand layer and mix it in with the organic
sediments above it. Therefore we deem this minor dip to be associated with the thick
overwash layer ‘A’ below it and not indicating a separate event. Core 4 (Figure 5-8b) the
farthest core from the sand barrier, only has one visible sand layer, and it is shown to be
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Figure 5-7
(A) Statistical analysis results for Core 1, (B) Statistical Analysis
results for Core 2.
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statistically significant by the test. Like Core 3 there are significant dips in the LOI where
no visible overwash layers are present. However, given their stratigraphic positions
within the core, the four dips (Figure 5-8b) are located where overwash layer ‘A’ would
have been had it reached that far into the lake. Thus, it is likely that the four dips in Core
4 represent the same overwash event that formed overwash ‘A’ in the other three cores.
The statistical test is a useful method to aid the identification of sand layers, and
especially to assess statistical significance in the identification of the sand layers from the
LOI graphs. Thus this simple test can introduce objectivity to the identification of the
sand layers.
5.2 Lake Sophie
i) Core Stratigraphy
One core was retrieved from Lake Sophie, Providenciales. Provo Core A, a short
core about 94 cm long, is composed of marl, a chemical precipitate of calcium carbonate.
This core is completely white in color, markedly different than the cores taken from
Honduras. The chemical composition of the sediments is also quite different. Loss-onignition for Provo A (Figure 5-9) contains 20-30 % of carbonates, significantly higher
than other lacustrine sediments, which typically contain < 2% carbonates. LOI for Provo
A shows that below approximately 22 cm the percentages of organics and water increase
steadily with depth to the bottom of the core. The first 5 cm of the Provo Core A contains
a mat of benthic aquatic vegetation. This is evident by the sharp increase in water and
organic percentages on the LOI graph. The core from 6-90 cm consists of the white marl
sediments with very visible coarse calcareous sand layers, that are distinguished by their
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Figure 5-8
(A) Statistical analysis results for Core 3, (B) Statistical analysis
results for Core 4.
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larger grain size. These coarse calcareous sand layers, though visibly distinct, do not
show up on the LOI graph, apparently because they have the same chemical composition
as the calcareous lake sediments except for being coarser in texture. A thin layer of
organic detritus was found near the base of the core at 90-91 cm. This is evident by
spikes in both the organics and water percentages. Since the organic material occurs near
the base of the core it was sampled for 14C dating in order to establish a basal date for the
entire core.
Since the LOI results are ineffective in distinguishing between the coarse
calcareous sand layers of possible overwash origin and the embedding marl, grain size
analysis was conducted to contrast the two types of sediments. Small subsamples of the
core was examined under a dissecting microscope (Fischer Scientific SW15X
Stereomaster II), and a sediment–stratigraphic diagram was plotted (Figure 6-2)
according to the presence of the coarse sand layers. This cursory examination revealed
that the marl and the coarse calcareous sand layers differ significantly in texture. The
coarse sand layers were mostly composed of sand-size particles, whereas material
comprising the marl is much finer. Dry sifting the two different deposits through the
ATM Sonic Sifter showed the grain size in the majority of the coarse sand layers falls
between the No. 60 (250 micron or 0.0098 inch) sieve and the No. 80 (180 micron or
0.0070 inch) sieve. By contrast the normal sedimentary deposits passed easily through the
No. 230 (63 micron or 0.0025 inch) sieve. Microscopic analysis also revealed that the
coarse sand layers contained an array of shells, shell fragments, and gastropods. The marl
in the rest of the cores contains few or no detrital material or shell fragments.
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ii) Radiocarbon Dating
The only 14C from Lake Sophie, PROVO-A-4CM, was taken from a band of
organic material found at 90 cm, near the base of the core. The radiocarbon date has a
conventional age of 3840 ± 40 BP, which is calibrated to a calendar age of 4240 BP (2sigma range = Cal 4400 to 4140 BP). This seems to be an unexpectedly old date given
that the core is less than one meter long. If this date is correct, this could imply a very
low sedimentation rate for the lake or a high degree of compaction, or both. The date
could also be erroneous due to contamination by “dead” carbon in the calcareous lake
water.
iii) Microscopic Faunal Identification
Fossil mollusk shells are usually well-preserved in calcareous sediments such as
tufas, freshwater chalk, marl, calcareous muds, and fens (Lozek, 1986). In the coarse
calcareous sand layers a multitude of shells and shell fragments that were not present in
the marl were found. This fact suggests that the material comprising the sand layers were
probably derived from offshore transport. This interpretation is further supported by the
presence of gastropods in the overwash layers. Based on their size, ornamentation,
number of whorls, color, and shell thickness, these gastropods fossils were considered to
be consistent with those of marine origins. They were tentatively identified to belong to
one of three possible genera–Bittium, Cerithidea, or Batillaria (Audrey Aranowsky,
Department of Geology and Geophysics, L.S.U, personal communication, April 2004).
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CHAPTER 6: INTERPERATION AND DISCUSSION

6.1 Interpretation of Results, Laguna de Los Micos
Using data from the LOI graphs (Ch 5), combined with visual analysis and
radiocarbon dating results, a stratigraphic diagram was constructed to facilitate
correlation of the four cores taken from Laguna de Los Micos (Figure 6-1). The cores,
listed in sequence from near shore (Core 1) toward the lake center (Core 4), clearly show
the presence of two sand layers embedded within the organic sediments. Based on the
results presented in Chapter 5 concerning the nature of these sand layers–the upward
fining sequence, the sharp contact with the underlying sediment, the pattern of lateral
thinning, the vertical positioning within the sediments, the statistical significance in
percentage water and organic weight loss, radiocarbon dates, and the abrupt perturbation
to the sedimentary regimes, the two sand layers found in the sediments of Laguna de Los
Micos are indeed believed to be hurricane overwash layers. The sedimentology of the
overwash layers, as described above, points to an event of massive energy. In order to
move such large amounts of sand so far into the lake (+400m), a tremendous amount of
force is required, force that is most likely that of a storm surge and overwash process
typically associated with a catastrophic hurricane landfall. The upward fining sequence
and sharp lower boundary of the overwash layers suggest that this was not a gradual
event. The overwash layers occur deeper in each core along the transect away from shore,
as is to be expected due to sediment forcing. Figure 6-1 shows that the overwash layer
‘A’ thins out laterally from Core 1 to Core 3 and finally disappears or becomes indistinct
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Figure 6-1.

Simplified stratigraphic diagram for Laguna de Los Micos.

by Core 4. The lake sedimentary regime changes immediately following the perturbation
in Core 4 as well as in the other three cores. Radiocarbon dating indicates that overwash
layer ‘A’ was probably deposited between Cal AD 1650 to 1710, and most likely by the
AD 1660 hurricane event described in the historical record (Millas, 1968). Modern
records for Honduras show that no hurricanes made landfall at or near Laguna de Los
Micos within the last 150 years. The lack of sand layers above overwash ‘A’ implies that
the study area was not directly hit by any intense hurricanes during the past ca. 344 (since
the AD 1660 event). This first event (overwash ‘A’) is preceded by another overwash
event (overwash ‘B’) roughly 100 years earlier, around Cal AD 1550. Overwash layer
‘B’ must have been even more enormous, as it extends much farther into the lake than
overwash ‘A’ and is present in Core 4 (490 m away from shore) with a thickness of at
least 20 cm. Overwash layer ‘B’ was never fully penetrated in all four cores, so its total
thickness in any of these cores is unknown. It would be interesting to investigate the
sedimentary regime that preceded this overwash event and compare it to the finely
laminated sediments following the event. A key question is whether laminated sediments
also exist below overwash layer ‘B’, and whether the sediment regime also changed
following overwash ‘B’ as it did after overwash ‘A’.
A major finding from this investigation is that according to the sedimentary proxy
evidence, the Laguna de Los Micos area has not had a catastrophic hurricane landfall in
the last 344 years, in concert with the modern instrumental record however, the study
area was directly hit by two catastrophic storms in the last 500 years. This would give
Laguna de Los Micos and surrounding areas an overall annual strike probability of 0. 4%,
or a return rate of 250 years. Remarkably these two catastrophic hurricane landfalls
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occurred during a 200-year period mainly during the 16th and 17th centuries. It is not clear
at this point whether hurricane activity along the Honduran coast was indeed higher
during the 16th and 17th centuries than in the ensuing 344 years, or the apparent difference
in landfall frequencies between these two periods is simply part of the natural variability.
This is an important question that is certainly worthy of future investigations.
6.2 Interpretation of Results, Lake Sophie
Results of visual inspection and grain size analysis show that eight coarse
calcareous sand layers are present within the cored sediments of Lake Sophie (Figure 62). The presence of shell fragments and what appears to be marine gastropods contained
within the layers suggest that these coarse calcareous sand layers are probably hurricane
overwash deposits. If the basal 14C date of 3840 +/- 40 yr BP (Cal 4400 to 4140 BP) is
correct it is possible to tentatively infer an annual strike probability of 0.18% or a return
period of 530 yrs for Lake Sophie or Providenciales. Better dating control is necessary to
confirm this preliminary estimate. The basal date of 3840+/- 40 yr BP may seem
surprisingly old for a 95 cm long core. It is well-known that 14C dates from calcareous
sediments are subject to contamination by “dead” carbon, resulting in anomalously old
age estimates. On the other hand, Lake Sophie has a very limited catchment area, so
sedimentation rate is expected to be low.
Results invite speculation that the prominent sand layer near the top of the core
(15-19 cm) may have resulted from Hurricane Donna of 1960. Donna is the most recent
catastrophic hurricane to affect the island and the stratigraphic level of this overwash
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Figure 6-2

Simplified stratigraphic diagram for Lake Sophie.

layer is consistent with this most recent event. Cesium isotope (137Cs) dating will be used
to determine whether the top overwash layer is indeed from Hurricane Donna. 137Cs is a
radioisotope produced as a result of atmospheric nuclear weapons testing. The ban in
atmospheric nuclear testing after 1963 provides a way to date sediments by locating the
stratigraphic peak in 137Cs activity, which should indicate the calendar year of 1963
(Ritchie and McHenry, 1989). Hurricane Donna struck Providenciales in 1960, and if our
top overwash layer is indeed Hurricane Donna, we would expect to see the 137Cs peak
slightly above the stratigraphic level of the overwash layer (Figure 6-3).
6.3 Discussion
Both expeditions were successful with the retrieval of lake sediment proxy
records for Central America and the Caribbean. The cores from both sites contained
evidence of hurricane overwash layers from previously undocumented hurricanes. The
first research question was answered successfully: What are the return periods of
catastrophic hurricanes for each location? In the cores from Laguna de Los Micos two
hurricane overwash layers within the past 500 years of sedimentary record were found.
These results infer a preliminary annual landfall probability of 0.4%, or a return period of
250 years for Laguna de Los Micos and surrounding areas. The core from Lake Sophie
has eight overwash layers deposited over the last 4240 calendar years. These results
suggest a preliminary annual landfall probability of 0.18%, or a return period of 530
years.
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Figure 6-3. Anticipated 137Cs peak corresponding with Hurricane Donna (1960).
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These estimates are preliminary because the radiocarbon date for Providenciales needs to
be confirmed.
The second research question was: how do the results from the Caribbean region
compare with those from the U.S. Gulf and Atlantic coasts? U.S. Gulf Coast results show
return periods to be in the order of 300 years or an annual landfall probability of around
0.33% (Liu, in press; Liu and Fearn, 2000a). The annual landfall probability from Laguna
del Los Micos (0.4%), albeit based on a shorter record, is generally in the same order of
magnitude or perhaps only slightly higher. However, given the uncertainties in dating
control and in paleo-hurricane intensity estimates, such regional comparisons remain
tentative at best.
The preliminary results from Providenciales suggest annual landfall probability of
0.18%, which is lower than those from Honduras and the Gulf Coast sites. However,
uncertainty exists concerning the intensity categories of the paleohurricanes recorded in
the Lake Sophie sediments. Regional comparisons of landfall probability are meaningful
only if the proxy records have similar paleotempestological sensitivities (Liu, in press).
The limited stratigraphic data and inadequate dating control from Lake Sophie do
not allow the third question concerning the existence of the “ hyperactive period” in the
Caribbean, to be addressed. The overwash layers seem relatively evenly spaced
throughout the core (Figure 6-2). If anything, one could say that there seems to be a
“clustering” of events within the first 60 cm of sediments. However, this means little with
only a basal date. It would be unsafe to assume a consistent sedimentation rate for the
core. Lakes are among the most varied of all depositional environments (Blatt et al.,
1991). Changes in the depositional environment and depth of the lake can affect the
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sedimentation rate of the lake or lagoon. Therefore, it would be difficult to detect the
sedimentation rate changes without obtaining a number of 14C dates at strategically
chosen horizons throughout the core. This would permit the establishment of a hurricane
chronology and assess any changes in hurricane frequency quantitatively.
These new proxy records for Central America and the Caribbean have already
added valuable information to the young science of paleotempestology. Preliminary
information now fills a large gap in the data coverage, expanding knowledge of basinwide paleohurricane activity for the last several millennia.
These results, while still preliminary, provide an important source of data that can
shed light on hurricane risks in the Caribbean region. The results show that according to
the geological evidence, the landfall probabilities of catastrophic hurricanes for Central
America and the Caribbean are broadly comparable to those documented for the U.S.
Gulf Coast. However, the proxy data from this study are inadequate to test the Bermuda
High hypothesis and to decipher any pattern of teleconnection between the Caribbean and
the U.S. Gulf Coast.
By means of the geological method of paleotempestology the history of past
hurricane activities for a region can be constructed based on the discovery of hurricane
overwash layers in coastal lake sediments, and that these layers in turn can help to
correlate hurricane activities throughout the Gulf Coast and Caribbean Basin through the
millennia. These temporal and spatial patterns of hurricane landfall frequencies are
critical to the assessment of hurricane risks and vulnerability for the countries affected by
these tempests (Liu, 2004). These data obtained from paleotempestology will be
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indispensable in identifying the climatological mechanisms that determine these
hurricane risks both spatially and temporally.
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CHAPTER 7: CONCLUSIONS
The following conclusions are made based on the proxy records generated in this
study.
(1) Two prominent sand layers (‘A’ and ‘B’) were found within the sediment
cores taken from Laguna de Los Micos, Honduras. Radiocarbon dating and historical
records (Millas, 1968) indicate that overwash layer ‘A’ was probably the same hurricane
that sank the ship Santiago in AD 1660. This event was preceded by some 100-200 years
by overwash layer ‘B’, probably caused by a hurricane that made landfall at or near
Laguna de Los Micos around 1550 AD. The results from the stratigraphic evidence in
conjunction with the radiocarbon dates indicate a preliminary annual landfall probability
of 0.4%, or a return period of 250 years for Laguna de Los Micos and surrounding areas.
(2) Statistical analysis of the overwash layers from Laguna de Los Micos show
that all overwash layers identified represent a statistically significant (95%) departure
from mean water and organic loss percentages. The use of this statistical methodology
proved to be useful in the identification of the overwash layers as well as adding a
statistical significance to the selections.
(3) Eight distinct sand layers were found within the sediments of the core taken
from Lake Sophie, Providenciales. Radiocarbon dating of organics near the bottom of the
core indicates a basal 14C date of 3840 + 40 yr BP The presence of shell fragments and
presumably marine gastropods in the overwash layers suggests offshore transport of these
overwash layers. The uppermost overwash layer is presumed to be caused by Hurricane
Donna (1960), although additional dating (137Cs) needs to be done to confirm this
speculation. The results from the stratigraphic evidence in conjunction with the
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radiocarbon dates suggest a preliminary annual landfall probability of 0.18%, or a return
period of 530 years for Lake Sophie and surrounding areas.
(4) The return periods and annual landfall probabilities estimated for the
Caribbean and Central American sites are comparable to those reported from U.S. Gulf
Coast.
(5) The geological method of using hurricane overwash layers contained within
the sediments of coastal lakes is proven effective for the study of paleotempestology.
These proxy records are vital for providing empirical estimates of return periods and
landfall probabilities for Central America and the Caribbean region.
7.1 Future Research
Future work for the Honduran coast will consist of taking more cores to
substantiate the preliminary records. More cores from Laguna de Los Micos need to be
taken to identify the horizontal extent of the two existing overwash layers. Longer cores
must be taken to investigate the deeper sediments of the lake for evidence of even earlier
hurricane strikes.
Future work on the Lake Sophie core will include more radiocarbon dating
(possibly on the shells of the gastropods) to ascertain whether the only radiocarbon date
obtained is accurate vis-à-vis the calculations for the return period and annual strike
probability. In addition, more radiocarbon dates will help establish a chronology for the
overwash layers and allow for the assessment of periods of “hyperactivity”. Cesium-137
(137Cs) dating needs to be done on the uppermost overwash layer and surrounding
sediments in an effort to correlate it with Hurricane Donna.
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Unquestionably more paleotempestological work needs to be done for Central
America and the Caribbean. More cores should be taken to expand our
paleotempestological database, and add to the understanding of the changing landfall
patterns of catastrophic hurricanes and the forcing mechanisms associated with them.
Longer records need to be obtained to assess the changes in hurricane landfall
frequencies over time more accurately, preferably extending back into the last several
millennia. Records from multiple sites near each other, and multiple cores from each site,
are a necessity. By coring the same site multiple times the number and extents (laterally,
and vertically) of the overwash layers found in the lake sediments can be established.
Coring multiple sites in close proximity to each other will enable us to correlate storm
signatures across independent sites, thereby excluding local factors, as well as extending
the area of coastline covered by the vulnerability assessment.
This study along with unpublished records from central Belize (McCloskey,
2004) constitute the only paleotempestological studies done for Central America and the
Caribbean. Many more studies still need to be done for this underrepresented region. The
Caribbean Coast of Mexico and Central America, from the Yucatan to Nicaragua, and the
islands of the Caribbean from Grenada to the Bahamas are home to a multitude of coastal
lakes to be cored. Buried within the sediments of these coastal lakes is evidence critical to
unlocking the history of catastrophic hurricane activities for this region.
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